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COVER LETTER 

 

To Whom It May Concern, 

 

Thank you for considering our work for potential publication in the prestigious Bone Journal 

 

Briefly: The systemic illness associated with SARS-CoV-2 infection results in hospitalization 

rate of 380.3 hospitalizations per 100,000 population, overwhelming health care systems. Some 

emerging therapies demonstrate modest benefits, but use is not feasible in large inpatient 

numbers. Vitamin D regulates expression of approximately 11,000 genes spanning many 

physiologic functions that include regulation of both innate and adaptive immune function. We 

investigate the potential benefit of calcitriol therapy given to patients hospitalized with COVID-

19. This pilot study is an open label, 1:1 randomized clinical trial of calcitriol 0.5 mcg daily for 

14 days or hospital discharge vs. no treatment given to hospitalized adult patients with COVID-

19.  

We enrolled 50 consecutive patients, 25 per trial arm. The change in peripheral arterial oxygen 

saturation to the inspired fraction of oxygen (SaO2/FIO2 ratio) on admission and discharge 

between the groups the control group had an average increase of +13.2 (+/- 127.7) on discharge 

and the calcitriol group had an increase of +91.04 (+/- 119.08) (p= .0305), suggesting an 

improvement in oxygenation among subjects who received calcitriol. Additionally, 12 patients in 

the control group required oxygen supplementation on admission and 21 of them were 

discharged on room air. 14 subjects needed oxygen supplementation in the calcitriol group on 

admission while all 25 were discharged on room air.  

Other clinical markers showed the average length of stay was 9.24 (± 9.4) in the control group 

compared to 5.5 (± 3.9) days in the calcitriol group (p= .14). The need for ICU transfer was 8 in 

the control group and 5 in the calcitriol group. There were 3 deaths and 4 readmissions in the 

control group and 0 deaths and 2 readmissions in the calcitriol group.  

This pilot study illustrates the potential benefit for calcitriol use in the treatment of COVID-19 

and suggests the need for a larger randomized clinical trial.  

The manuscript including all data, figures, tables, and supplementary materials has not been 

previously reported or published and has not been nor will be submitted to another journal while 

under review by the Bone Journal 

 

There are many publications sited in our manuscript discussion regarding vitamin D and the 

treatment of ARDS. One study sited was very similar to ours as it studied Calcifediol in 

hospitalized patients with COVID-19 that corroborates our findings. Another study by Armein et 

al examined the use of high dose cholecalciferol in COVID-19.  

 

We would like constructive and direct feedback with as quick of a response as possible to get our 

work published.  
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The systemic illness associated with SARS-CoV-2 infection results in hospitalization rate of 

380.3 hospitalizations per 100,000 population, overwhelming health care systems. Vitamin D 

regulates expression of approximately 11,000 genes spanning many physiologic functions that 

include regulation of both innate and adaptive immune function. We investigate potential benefit 

of calcitriol therapy given to patients hospitalized with COVID-19. 

 

This was an open label, randomized clinical trial of calcitriol or no treatment given to 

hospitalized adult patients with COVID-19. Subjects were randomly assigned treatment with 

calcitriol 0.5 mcg daily for 14 days or hospital discharge; or no treatment (1:1) at time of 

enrollment.  

 

We enrolled 50 consecutive patients, 25 per trial arm. The change in peripheral arterial oxygen 

saturation to the inspired fraction of oxygen (SaO2/FIO2 ratio) on admission and discharge 

between the groups the control group had an average increase of +13.2 (+/- 127.7) on discharge 

and the calcitriol group had an increase of +91.04 (+/- 119.08) (p= .0305), suggesting an 

improvement in oxygenation among subjects who received calcitriol. Additionally, 12 patients in 

the control group required oxygen supplementation on admission and 21 of them were 

discharged on room air. 14 subjects needed oxygen supplementation in the calcitriol group on 

admission while all 25 were discharged on room air.  

Other clinical markers showed the average length of stay was 9.24 (± 9.4) in the control group 

compared to 5.5 (± 3.9) days in the calcitriol group (p= .14). The need for ICU transfer was 8 in 

the control group and 5 in the calcitriol group. There were 3 deaths and 4 readmissions in the 

control group and 0 deaths and 2 readmissions in the calcitriol group. 

This pilot study illustrates improvement in oxygenation among hospitalized patients with 

COVID-19 treated with calcitriol and suggests the need for a larger randomized trial.  

 

 

 

 

 

 

 

 

Key Words: Calcitriol, Vitamin D, COVID-19, Endocrine, Therapy 
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Introduction  

 

The systemic illness that manifests SARS-CoV-2 infection has resulted in a cumulative 

hospitalization rate of 380.3 hospitalizations per 100,000 population according to the Centers for 

Disease Control (CDC). A triggered cytokine storm commonly results in acute respiratory 

distress syndrome (ARDS), multiorgan system failure, and is potentially fatal in approximately 

2-3% of cases, including over 50% of patients who require mechanical ventilation. (1) Emerging 

therapies including remdesivir and corticosteroids demonstrate modest benefits.(2)  

 

Vitamin D regulates expression of approximately 11,000 genes spanning many physiologic 

functions that include regulation of both innate and adaptive immune function, pulmonary 

cytokine release, and induction of autophagy as an immune defense. (3) Synthesis of 1,25-

dihydroxyvitamin D (1,25(OH)2D) is integral to the normal development of antigen-presenting 

cells. (4) Moreover, through induction of macrophage expression of cathelicidin and β-

Defensin2, 1,25(OH)2D stimulates chemotaxis of neutrophils, monocytes, macrophages, and T 

cells, promotes the clearance of respiratory pathogens through apoptosis and autophagy of 

infected epithelial cells. Vitamin D-induced autophagy modulates the immune response in 

influenza A infection, and diminishes clinical severity of rotavirus infection. (3) 

 

Hospitalized and severely ill patients exhibit high rates of vitamin D deficiency, potentially 

impacting these immune pathways. (5-7) Lower serum concentration 25-hydroxyvitamin D is 

associated with adverse outcomes including increased susceptibility to SARS-CoV-2 infection, 

and increased severity of symptoms in the course of COVID-19.(8, 9)  

 

Activation of vitamin D-dependent pathways may provide clinical benefit to patients with 

SARS-CoV-2 infection. As the biochemically active metabolite, 1,25(OH)2D or calcitriol, is 

useful over other forms of vitamin D as therapy in patients with hypocalcemia or with secondary 

hyperparathyroidism due to renal insufficiency. (3) We investigate potential activation of vitamin 

D-dependent pathways in a trial of calcitriol therapy given to patients who are hospitalized with 

COVID-19. 
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Materials and Methods  

 

The study protocol was approved by the Mount Sinai Program for the protection of Human 

subjects/Institutional Review Board (IRB) for enrollment at all sites involved. Verbal consent 

was obtained from all patients about the outcomes that would be measured, and potential benefits 

and side effects with subsequent acceptance recorded in the electronic medical record.  

 

Study Design and Participants 

 

This was an open label, randomized clinical trial investigating the use of calcitriol in hospitalized 

patients with COVID-19.  We planned to enroll 50 consecutive hospitalized adult patients with 

COVID-19 admitted to Mount Sinai Beth Israel, Mount Sinai Morningside, and Mount Sinai 

West Hospitals. Patients were excluded if they are admitted directly to the intensive care unit 

(ICU), if they had any of the following: hypercalcemia and/or hyperphosphatemia on admission 

blood tests, untreated disorders of calcium metabolism including hyperparathyroidism, 

hypoparathyroidism, chronic renal insufficiency with glomerular filtration rate < 30 ml/min, or if 

they are prescribed calcitriol for any reason outside of the study. Patients were also excluded if 

they declined to participate prior to enrollment. Any subject who withdrew from the trial or who 

left the hospital against medical advice would be included in intention to treat analysis.  

 

Procedures 

 

Eligible patients were allocated at a 1:1 calcitriol, no calcitriol ratio through electronic 

randomization on the day of admission. Enrolled subjects were assigned treatment with calcitriol 

0.5 mcg daily for 14 days or hospital discharge, whichever came first; or no treatment. The 

remainder of the patient’s care was determined by the primary team and may include treatment 

with remdesivir (200 mg for one day followed by 100mg for 4 days), dexamethasone (6 mg daily 

for 10 days), or convalescent plasma, as well as supplemental O2. Medication was supplied by 

the inpatient pharmacy. 

 

Outcomes  

 

Outcomes of the effectiveness of calcitriol in the treatment of COVID-19 included oxygen 

requirements, length of hospital stay, need for ICU admission, mortality, and readmission.  

 

 Laboratory Analysis and Respiratory Function Test 

 

Clinical samples for SARS-CoV-2 diagnostic testing were obtained for all hospital admissions at 

each medical center by nasopharyngeal exudate sampling. Procedures for RNA extraction and 

real-time RT-PCR were undertaken at on-site testing using Roche Cobas 6800 System or Agena 

Mass ARRAY System. 

 

Hematology analyses included a complete blood count (DYN Sapphire, Siemens Healthineers, 

Erlangen, Germany) and coagulation studies included d-Dimer (Sta R max, 5070194, 5070195). 

Biochemical tests including renal function (Abbott Architect Analyzer), liver function (Abbott 

Architect Analyzer), lactate dehydrogenase (Abbott Architect Analyzer Siemens Healthineers, 
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Erlangen, Germany), ferritin, and, ESR (Excite 40 Random access ESR Analyzer 8060), C-

reactive protein (Abbott Architect Analyzer, Siemens Healthineers, Erlangen, Germany, IL-6 

(Siemens Healthineers, Erlangen, Germany) Respiratory function was assessed by peripheral 

oxygen saturation.  

 

To assess respiratory status and oxygen requirement, the ratio of peripheral arterial oxygen 

saturation to the inspired fraction of oxygen (SpO2/FIO2) was calculated. The peripheral arterial 

oxygenation was completed with SpO2 pulse oximeter. The validity of this measure as a 

surrogate for the pressure arterial oxygen to the fraction of inspired oxygen (PaO2/FiO2) ratio has 

been demonstrated in numerous studies (10) 

 

 

 

Statistical Analysis 

Descriptive statistics were used for demographic, laboratory, and clinical prognostic factors 

related to COVID-19 for each treatment arm. This included age, race, sex, body mass index, 

comorbidities, COVID-19 treatments utilized, and baseline IL-6 and procalcitonin levels.  

The comparison between groups of quantitative variables were performed by using t-test for 

qualitative variables, χ2 tests and Fisher exact tests (with frequencies <5) were used as well as a 

Mann-Whitney test for length of stay.  The comparison for the improvement in SpO2/FIO2 ratio 

was performed using t-test.  

Univariate and multivariate logistic regressions were used to estimate odds ratio and 95 % CIs 

for the length of stay, rate of readmission, probability of admission to ICU, and mortality rate.  

Significant p-value was considered when p < .05. All the analysis has been done using IBM 

SPSS Statistics software (SPSS).  
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Results  

We enrolled 50 consecutive patients, 25 per trial arm between September 2020-December 2020. 

Baseline characteristics of each group is given in table 1. No subject withdrew from the study. 

Primary outcome and other clinical outcomes are given in figure 1 and table 2. The average 

length of stay was 9.24 (± 9.4) in the control group compared to 5.5 (± 3.9) days in the calcitriol 

group (p= .14). The need for transfer to ICU was 8 in the control group and 5 in the calcitriol 

group (p=.33). There were 3 deaths and 4 readmissions in the control group and 0 deaths and 2 

readmissions in the calcitriol group. 12 patients in the control group required oxygen 

supplementation on admission and 21 of them were discharged on room air. 14 subjects needed 

oxygen supplementation in the calcitriol group on admission while all 25 were discharged on 

room air.  

When comparing change in oxygen saturation using SaO2/FIO2 ratio on admission and 

discharge between the groups the control group had an average increase of +13.2 (+/- 127.7) on 

discharge and the calcitriol group had an increase of +91.04 (+/- 119.08) (p= .0305) (figure 1).  

No adverse effects were observed (table 3), including no hypercalcemia or hyperphosphatemia.  

 

 

Table 1. Baseline Characteristics 

 

Control Group Calcitriol Group p-value 

Demographics 25 25 
 Age (y) 64 ± 16 69 ± 18 0.16 

Above age 65 19 14 0.14 

Male Gender 13 12 0.77 

    Race 
  

0.90 

Caucasian 5 7 
 Non-White Latino 15 14 
 Black 3 2 
 Asian 2 2 
  

 

Poor Prognostic Factors 
   Body Mass Index (kg/m2) 27.2 ± 5 27.3 ± 6 0.48 

BMI > 30 kg/m2 6 4 0.48 

    Hypertension  17 13 0.24 

Type 2 Diabetes  11 9 0.56 

Cancer History  1 1 1.00 

Asthma/COPD 3 5 0.44 

    Admission Levels 
   Procalcitonin 0.21 ± 0.27 0.11 ± 0.1 0.14 

IL-6 65 ± 114 38 ± 27 0.29 
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Lymphocytes (Absolute 
Number) 1.25 ± 0.68 1.14 ± 0.55 0.51 

C-Reactive Protein 160.7 ± 381 78.9 ± 76.8 0.33 

Ferritin 570 ± 667.2 902.6 ± 981.8 0.18 

D-Dimer 1.36 ± 0.91 1.65 ± 2.08 0.55 

Glomerular Filtration Rate 75 ± 41 69 ± 23 0.28 

    Oxygen Requirements on Admission 
 

0.74 

Room Air 13 11 
 Nasal Canula 8 12 
 High Flow Nasal Canula 1 0 
 Non-rebreather 3 1 
 Bipap 0 1 
  

 

 

   Treatments during 
admission  

   Remdesivir 11 15 0.25 

Dexamethasone 12 13 0.78 

Convalescent Plasma 2 4 0.38 

    

Medical Center   0.67 

MS Beth Israel 13 15  

MS Morningside 10 7  

MS West 2 3  
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Figure 1. SaO2 /FIO2 

 

 
 Control Group 

N=25 

Calcitriol Group 

N=25 

 

Δ S/F Ratio, Mean ±SD 13.2±127.7 91.04±119.08 P=0.0305 

 

Table 2. Clinical outcomes 

 

Control Calcitriol p value 

Length of Hospital Stay (days) 9.24 ± 9.4 5.5 ± 3.9 0.14 

ICU Admission 8 5 0.33 

Endotracheal Intubation 2 0 0.48 

Mortality 3 0 0.23 

Readmission within 30 days 4 2 0.67 

 

 

Table 3. Adverse effects 

 

Control Calcitriol p value 

Hypercalcemia 0 0  - 

-400 -300 -200 -100 0 100 200 300 400

Δ S/F Ratio 

Control 
 
 
 
 
 
 
 

Calcitriol 

Control Group vs Calcitriol Group 
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Hyperphosphatemia 0 0  - 

Renal Calculus 0 0  - 
Reduction in glomerular filtration rate by 
>10% 4 0 0.1 

Discussion 

Our study shows a significant reduction in oxygen requirements in patients hospitalized with COVID-

19 who received calcitriol. Since ICU patients were not included, routine arterial blood gas assessment 

was not available. The PaO2/FIO2 ratio is a highly regarded parameter of respiratory function and 

serves as a predictor of ICU mortality in patients with sepsis and ARDS. (11) Moreover, SaO2/FIO2 is 

commonly used as an end point in clinical trials for patients with COVID-19, with success and is 

considered an accurate predictor of PaO2/FIO2 ratio. (10) ARDS severity when measure by 

PaO2/FiO2 is classified as mild if 200-300, moderate if 100-200, and severe is less than 100. 

SaO2/FIO2 ratios of 181 and 235 corresponded approximately to PaO2/FIO2 ratios of 300 and 200, 

respectively.(12)  While infected with COVID-19, an average increase in SaO2/FIO2 of 91.04±119.08, 

as noted with calcitriol therapy, demonstrates a significant clinical improvement, and may render a 

typical patient to a more mild case of ARDS. The SaO2/FIO2 ratio is a reliable noninvasive surrogate 

of the PaO2/FIO2 ratio with the advantage or replacing invasive arterial blood gases.(12)  

 

 

Effects of calcitriol therapy on other clinical parameters, including hospital length of stay, need for ICU 

admission, endotracheal intubation, hospital readmission, and mortality did not show significant benefit. 

This may be secondary to the small size of the trial. In each case, numerical results may favor calcitriol 

therapy. A larger trial is warranted to investigate further. 

 

On the basis of improved oxygenation, our results are somewhat consistent with those reported by Castillo, 

et al., who conducted a similar open-label pilot trial examining the effects of calcifediol in hospitalized 

patients with COVID-19.(13) A significant reduction in ICU admission is noted with calcifediol therapy, 

again suggesting potential respiratory benefit of therapy with vitamin D derivatives. 

 

In contrast, results of a recent trial demonstrate no clinical benefit from a single dose of 200,000 IU 

cholecalciferol in patients with moderate to severe COVID-19. (14) While increased serum levels of 25-

hydroxyvitamin D were observed, levels of 1,25(OH)2D were not reported. The efficiency of renal and 

other systemic 1α-hydroxylase activity to generate 1,25-dihydroxyvitamin D during acute illness is 

unknown. (15) Moreover, reduced circulation of vitamin D binding protein (VDBP) during acute illness 

may dimmish clinical activity of cholecalciferol. (16) Calcitriol, but not cholecalciferol, can restore calcium 

homeostasis in patients with inherited VDBP deficiency. (17) These potential mechanisms suggest 

administration of calcitriol may be more effective than cholecalciferol in severe acute illness such as 

COVID-19.  

 

 

Several preclinical and clinical studies suggest therapy with vitamin D suggest beneficial in ARDS 

specifically. Animal models demonstrate vitamin D sufficient state mitigates ARDS that is induced by 

lipopolysaccharide, compared to vitamin D deficiency. (18) Moreover, animal models of ARDS with 

knockout mutations of the vitamin D receptor (VDR) show significantly worse lung histology and nearly 

twice the mortality rate as wild type mice. (19) Results of animal model of ARDS in VDR-knockout mice 
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that were also given losartan suggests that vitamin D functions, in part, by up-regulating the pulmonary 

renin/angiotensin system to mitigate lung damage. (19) This same system is disrupted by COVID-19 

infection. (20)   

 

Human trials with cholecalciferol therapy for ARDS have mixed results. In a randomized trial, patients that 

underwent esophagectomy demonstrated a transient reduction in markers of ARDS with 300,000 IU 

treatment of cholecalciferol compared to placebo. (21) The authors argue that declining levels of VDBP 

that were observed in this trial may explain the short-lived benefit of cholecalciferol that was observed. 

 

In another randomized trial of 475 mechanically ventilated ICU patients given 540,000 units cholecalciferol 

vs placebo, a 44% reduction in hospital mortality was observed in the cholecalciferol treated patients 

among the subgroup of patients with 25-hydroxyvitamin D levels less than 12 ng/ml. (22) In addition, the 

cholecalciferol treated patients demonstrated a further reduction in mortality that persisted for 6 months of 

follow up. (22) A larger, multicenter trial is currently underway. (23)  

 

Limitations of our trial include lack of a placebo and lack of blinding. It is unlikely this would affect the 

SaO2/FIO2 endpoint. Additionally, 25-hydroxyvitamin D levels were not measured in our study. 

Enrollment of patients without regard to vitamin D status strengthens the generalizability of the results.  

 

Sample size was another limitation. The patients in the control group had a higher percentage of patients 

above 65 years of age and certain co morbidities such as hypertension and diabetes mellitus were higher in 

that group. The statistical non significance in these baseline characteristics could be due to the small sample 

size.  

 

The low cost and high availability make calcitriol an attractive candidate for therapy in hospitalized 

patients with moderate to severe COVID-19. Further study of this approach is warranted.  
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Highlights 

 

Vitamin D has potent immunomodulatory effects on innate and adaptive immune system  

 

Vitamin D associated actions suppresses acute lung injury 

 

Studies show possible association with Vitamin D deficiency, ARDS and cytokine storm 

 

In our study calcitriol improves oxygenation in patients hospitalized with COVID 19 
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